A statistical reinvestigation was performed on data from two separate earlier studies, investigating heatshock protein 65 and neopterin in the same population of subjects examined for the presence of carotid atherosclerosis. Both heat-shock protein 65 and neopterin concentrations are significantly correlated with atherosclerosis, but the correlation between both biochemical analytes is low albeit significant. Neopterin, but not heat-shock protein 65 concentrations were shown to be significantly higher in women with presence of antinuclear antibodies, particularly in women older than 65 years of age. This finding seems to explain earlier observations of raised neopterin concentrations in such olde r women, irrespective of the presence or absence of atherosclerosis.
Introduction
Stress or heat-shock protein (hsp) 65, a highly conserved protein synthesized by almost all cells in response to varying stresses, has been shown to be involved in the pathogenesis of atherosclerosis (1) (2) (3) (4) (5) . Recently, we reported that serum antibodies to hsp65, but not autoantibodies, were significantly increased in subjects with carotin atherosclerosis in randomly selected normal inhabitants of South Tyrol (4) , and these antibodies cross-reacted with a 60 kDa protein homologue present in human atherosclerotic lesions (5) .
In this same population, we also found elevated § Author to whom correspondence should be addressed.
Pteridines I Vol. 5 I No. 4 levels of serum neopterin, a pteridine derivative, in subjects with atherosclerosis (6). Both, hsp65 antibodies and neopterin, are considered as indicators of an involvement of immune reactions. Hence, it was deemed of interest to investigate if a relationship exists between these two variables in atherosclerosis.
Here we report a short synopsis of the data of both independent studies (4,6), aimed particularly at studying the mutual correlation between hsp65 antibodies and neopterin concentrations, and at investigating whether presence versus absence of other autoantibodies determined in these sera (4) exerts an influence on neopterin levels.
Methods
As explained in the Introduction, data from two earlier independent studies on the same population (4,6) were included in this investigation. Subjects were from a community based study (Bruneck Ischemic Heart Disease and Stroke Prevention Study) conducted in the community of Bruneck (province of Bozen/ Alto Adige, Italy). Total study population (n = WOO) was selected as a 21% random sample of all inhabitants aged between 40 and 79 years, whereby men and women were selected equally for inclusion into the study on the basis of an age stratified random sampling strategy.
Complete data on hsp65 antibodies, neopterin and autoantibodies, i.e. antinuclear antibodies (ANA), antibodies to thyroglobulin and thyroid microsomal antigens, and rheumatoid factors, were available for 541 subjects (259 female, 282 male), aged 50 through 80 years.
In all individuals, extensive physical and laboratory examinations were performed, and carotid atherosclerosis was assessed by examination of extracranial carotid arteries using a duplex ultrasound system (UM8 Advanced Technology Laboratories, Bothel, W A) with a 10 MHz imaging probe and a 5 MHz Doppler. A plaque scoring system was used for quantifying the extent of carotid atherosclerosis. This score was calculated by adding the maximum thickness of atherosclerotic plaques (in mm) on the near and far walls at four imaging sites of both carotid arteries, with plaques being defined as echo structures enchoraging into the lumen of the vessel.
Details regarding recruitement of subjects as well as physical and laboratory determinations are reported in references :1:1: 4 and :1:1: 6.
Statistical analysis of data was performed using Spearman rank correlation analysis and Mann-Withney U test for comparing distributions of laboratory data in patients with, or without presence of the autoantibodies studied.
Results

Correlation between atherosclerosis score, hsp65 and neopterin
Serum concentrations of both hsp65 antibodies and neopterin significantly correlated with the occurrence and severity of carotid atherosclerosis: Spearman rank correlation coefficient r, between hsp65 and score was 0.19 (P<O.OOOl), and between neopterin and score, r,= 0.39 (P<O.OOOl). Both laboratory variables showed stronger correlation with score in men (hsp65, r,=0.23; neopterin, r, =0.47) than in women (hsp65, r, = 0.17; neopterin, r, = 0.32).
The correlation between hsp65 antibodies and
neopterin levels is weak albeit significantly different from zero (r, = 0.19, P<O.OOOl). In contrast to the mutal correlation between score, and neopterin and hsp65, however, the direct correlation between neopterin and hsp65 was stronger in women (r, =0.22) than in men (r, =0.16).
Effect of other autoantibodies on neopterin and hsp65
When studying potential effects of other autoantibodies on neopterin and hsp65 concentrations, there was only one striking result: neopterin but not hsp65 concentrations were significantly higher in subjects with high titers (> 1:50) of ANA (Mann-Whitney U = 10499, P= 0.(091). No correlations were found between hsp65 and neopterin on the one hand, and the other autoantibodies studied on the other hand (details not reported).
Closer inspection showed that ANA effects on neopterin were significant only in women (P=0.029), not in men (P = 0.22). Furthermore, in women there was a significant association between ANA and age, women above 65 years showing a significantly higher frequency of ANA (P=0.OO04) presence than women below this age. In men, no such correlation was detectable.
Discussion
Both neopterin and hsp65 showed significant correlations with presence of carotid atherosclerosis, as was described earlier (4,6,7). The correlation between both indicators of immune activation, however, is very weak albeit significant due to the relatively large number of individuals investigated. The small correlation coefficient between hsp65 and neopterin levels suggests that both analytes throw light on different aspects of cellular immune mechanisms.
The most significant finding of the present re-investigation of these earlier data is the strong and unexpected effect on neopterin · of the presence of ANA, particularly in women. This observation seems particularly interesting since it may provide an explanation for the striking observation in our earlier paper (6) that neopterin was not only significantly correlated with atherosclerosis in older men and in younger men and women, but was also elevated in older women (above 65 yr) without detectable atherosclerosis. It was speculated (6) that other inflammatory processes could be the underlying cause for this peculiarity. The present finding of a significant positive correlation between neopterin elevation and occurrence of ANA specifically in older women seems to substantiate this concept.
In conclusion. neopterin and hsp65 antibodies. positively correlated with atherosclerosis. may reflect different aspects of immune reactions in the pathogenesis and/or course of carotid atherosclerosis. The stronger correlation between atherosclerosis score and neopterin as compared to hsp65 antibodies. may be partially caused by common correlation of these both variables with other factors such as. e.g.. age. sex and presence of ANA.
